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How to Get a Switching Phase Diagram of Macrospins in One Step
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When studying magnetization dynamics, the model assuming that all magnetization vectors are aligned is called a macrospin model.
The macrospin model has been considered as a most convenient method to solve the magnetization dynamics. The conventional
method of obtaining a phase diagram of macrospin is to perform individual simulations on various variables and then combine all the
results. This requires a lot of time and effort. Here, we introduce a method that can confirm the dynamic characteristics of macrospin
for various variable values at once through computational simulation. We present an example of obtaining a two-dimensional phase

diagram of a macrospin to identify magnetization switching characteristics and presession conditions by spin torque.
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Nx :=200

Ny =200

c:=1e-9

//Number of Cell on x-axis

// Number of Cell on y-axis

//Cell size

SetGridsize(Nx, Ny, 1) //Grid size in Xyz coordinate
SetCellsize(c, c, ¢) //Unit cell

Jmax :=2%1.51928el2 //Max current (A/m”2)

Jmin :=-2*%1.51928e12 //Min current (A/m"2)
//Max external x-field (T)

//Mlin external x-field (T)

Msat = 1000e3

Hxmax =2
Hxmin = -2

//Magnetization (A/m)

Kul = 5e5 //Anisotropy energy (J/m"3)
anisU = vector(0,0,1)  //Anisotropy direction, z
Aex =0.0 //Exchange energy (J/m)

B_ext = Vector(0, 0, 0) //Uniform external field (T)
alpha=0.1 //Damping constant
fixedlayer = vector(0, 1, 0) //Pumped spin direction
NoDemagSpins = 1 /[Turn off dipole-dipole interaction
//m = uniform(0,0,1)
mask] := newVectorMask(Nx, Ny, 1)
mask2 := newVectorMask(Nx, Ny, 1)

for i:=0; i<Nx; i++{

/honiform +z magnetization

for j:==0; j<Ny; j++{
r := index2coord(i, j, 0)
x =r.X()
y:=1.Y()
Jz := (x+Nx*c/2)/(Nx*c)*(Jmax-Jmin)+Jmin
Hx := (y+Ny*c/2)/(Ny*c)*(Hxmax-Hxmin)+Hxmin
mask].setVector(i, j, 0, vector(0, 0, Jz))
mask2.setVector(i, j, 0, vector(Hx, 0, 0))
¥
}
J.add(mask1, 1) //Set current on image x-axis
B_ext.add(mask2, 1)
run(100e-9)

//Set x-field on image y-axis
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Fig. 1. (Color online) Directions used in this paper.
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Fig. 2. (Color online) Phase diagrams obtained from (a) the random
initial state, (b) the + z uniform state, and (c) the — z uniform state.
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Fig. 3. (Color online) Phase diagrams obtained from (a) the random
initial state. (b) Magnetization states started from the + z state.
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